Several studies have shown that excessive consumption of saturated fatty acids is a risk factor for not only coronary heart disease, diabetes, and cancer, but also for neurological disorders, including Alzheimer's disease and Parkinson's disease. 1, 2) Previous animal studies have found that cognitive and learning performance is affected by intake of dietary fatty acids. [3] [4] [5] [6] [7] [8] Very recently, it was reported that increased risk for neurological disorders induced by high intake of dietary saturated fatty acids might be mediated by regulation of gene expression in the brain. 8, 9) The purpose of our study is identification and/or functional analysis of neuronal genes regulated in response to intake of a diet containing beef tallow rich in saturated acids using a differential display method. Here, we show that short-term feeding of a high beef-tallow diet downregulated the expression of ADP-ribosylation factor-like protein 8B (Arl8B) mRNA in the brains of mice.
Male CD-1 (ICR) mice (6 weeks old, Charles River, Yokohama, Japan) were housed in groups of three animals in metal cages in a room with controlled temperature (24 C) and a 12-h light/dark cycle. The animals were given free access to diet and deionized water, and were maintained according to the ''Guide for the Care and Use of Laboratory Animals'' of Hiroshima University. The male mice (28:9 AE 1:6 g) were divided into two groups of nine mice each, and one group was fed a low corn oil diet, LC (50 g/kg diet), and the another one was fed high beef-tallow diet, HB (200 g/kg diet). The fatty acid composition of corn oil and beeftallow is shown in Table 1 . The experimental feeding period was 28 d. Thereafter, we isolated total RNAs from whole brains using an RNeasy lipid tissue kit (Qiagen, Valencia, CA), and differential display was performed as previously described. 9, 10) Briefly, 5 mg of total RNA was converted to cDNA using a First strand reaction cDNA synthesis kit (GE Healthcare Bioscience, Piscataway, NJ). Subsequently, each cDNA was amplified by PCR with 100 different arbitrary primers. After separation by PAGE, a cDNA fragment (TAK21) that appeared to be downregulated in the HB group was recovered, reamplified with the corresponding primer, and subcloned into a TA cloning vector. As a result of nucleotide sequencing by the dideoxy chain termination method using an Applied Biosystems model 373A automated sequencer and a dye terminator cycle sequencing kit (GE Healthcare Bioscience), the TAK21 fragment was identified as a part of mouse Arl8B cDNA. To examine the differential expression of the Arl8B gene, pooled total RNAs from brains of the LC and HB groups were subjected to Northern blot analysis. Total RNA (10 mg) was separated by electrophoresis in a 1% agarose/2.2 M formaldehyde denaturing gel, and then transferred to a Hybond N þ nylon membrane (GE Healthcare Bioscience).
32 P-labeled cDNA fragments encoding mouse Arl8B, humanactin, and human glyceraldehydes 3-phosphate dehydrogenase (GAPDH) were used for Northern hybridization as a probe. Hybridization was performed according to the method we reported previously. 10) The membrane was exposed to a Fuji imaging plate (Fuji photo film, Tokyo) for an appropriate time. The Arl8B mRNA level was downregulated in the HB group as compared with the LC group (Fig. 1A) . Furthermore, we confirmed differential expression of Arl8B mRNA between total RNAs from individual mice of the two groups by Northern blot analysis (Fig. 1B) .
To investigate whether the expression of the Arl8B transcript was specific to the brain, Northern blot analysis was performed using total RNAs derived from various mouse tissues and the Arl8B cDNA fragment as a probe (Fig. 1C) . The mRNA corresponding to Arl8B was highly expressed in mouse brain and testis. As noted also, a strong hybridization signal was observed in a variety of brain regions, including the cerebral cortex, cerebellum, and hippocampus ( Fig. 2A) . Furthermore, to identify the cell types in which Arl8B mRNA is expressed, we isolated primary cortical neurons and primary glial cells from mouse fetuses. An 18-d-pregnant ICR mouse was anesthtized and 12 fetuses were removed. Brain cortices were isolated from the fetuses and incubated for 20 min at 37 C in phosphate-buffered saline with 0.25% trypsin, 0.5% glucose, and 0.01% DNase I. After the cortices were centrifuged and dispersed in DF medium (DMEM: Ham's F-12 = 1:1) with 10% fetal calf serum (FCS), cells were plated on poly-L-lysine-coated plates in DF medium with 10% FCS, and then maintained at 37 C/ 5% CO 2 for 2 d. After treatment with 10 mM cytosine arabinoside, the cultures were moved to DMEM with 10% horse serum and used for experiments as primary neuronal cultures (positive for MAP-2, Fig. 2B-a) . Cocultures were grown in DF medium with 10% FCS without cytosine arabinoside. After the culture plates reached confluence, the cells were dissociated, and then replated on poly-L-lysine-coated plates. These cultures were maintained in DF medium with 10% FCS until they reached semi-confluence, and were used for experiments as primary glial cultures (positive for GFAP, Fig. 2B-d) . Anti-MAP-2 and anti-GFAP antibodies were obtained from Sigma (St. Louis, MO). Expression of Arl8B mRNA in these cultures was examined using RT-PCR with primers 5 0 -CCGCCA-TGCTGGCGCTCATCTC-3 0 and 5 0 -AGGTCTCAGC-TTCTCCGGGATT-3 0 . It showed that Arl8B mRNA was particularly abundant in primary neuronal cells (Fig. 2C) .
Arfs are six GTP-binding proteins that affect the morphologies of organelles such as the Golgi apparatus and early endosomes, and regulate protein traffic through secretory and endocytic pathways.
11) A recent report demonstrated that Arf6 was involved in Rac1-mediated neurite outgrowth of retinal neurons. 12) We identified the localization of Arl8B protein in primary cortical neuronal cells and human embryonic kidney 293 (HEK293) cells. The HEK293 cells were cultured as described previously.
10) The complete cDNA of Arl8B was cloned by PCR amplification with a mouse brain cDNA library (Clontech, Palo Alto, CA) as a template and primers as described above. HEK293 cells and primary neuronal cells were transiently transfected with full-length Arl8B cDNA in expression vector pCMV-EGFPN1 (GFP-Arl8B) by LipofectAMINE 2000 (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. Total cell lysates from transfected HEK293 cells prepared in an ice-cold RIPA buffer (10 mM TrisHCl, pH 7.4, 1% NP-40, 0.1% sodium deoxycholate, 0.1% SDS, 0.15 M NaCl, 1 mM EDTA) were subjected to SDS-PAGE and transferred to an Immobilon P filter (Millipore, Bedford, MA). Western blot analysis using anti-GFP antibody (Santa Cruz Biotechnology, Santa Cruz, CA) was performed as described previously.
10)
The anti-GFP antibody recognized an immunoreactive polypeptide of 48 kDa in the cell lysate from GFP-Arl8B transfected HEK293 cells (Fig. 3A) . Next we identified the localization of Arl8B protein in primary cortical neuronal cells. As shown in Fig. 3B , Arl8B protein accumulated at the perinuclear and growth cones regions of each protrusion in neuronal cells. Overexpression of Arl8B profoundly affected the morphology of the HEK293 cells (Fig. 3C ) by inducing formation of long protrusions, as confirmed by quantitative analysis (Fig. 3D) . The physiological function of the nervous system is tightly associated with the highly specific pattern of connections formed among neurons.
13) The specificity of these connections requires neurite extension toward their targets guided by the growth cone. A recent report found that omega-3 and omega-6 polyunsaturated fatty acids stimulated neurite outgrowth by activating syntaxin 3, a plasma membrane protein.
14)
The current study indicates that a high beef-tallow diet downregulates Arl8B mRNA expression in the brain and might influence neuronal morphology by regulating Arl8B mRNA expression. Taking all this together, it is interesting that the composition of fatty acids contributes to membrane expansion at the growth cones by regulation of the functions of plasma membrane proteins. 
